Supernova (SN) 2016bdu is an unusual transient resembling SN 2009ip. SN 2009ip-like events are characterized by a long-lasting phase of erratic variability which ends with two luminous outbursts a few weeks apart. The second outburst is significantly more luminous (about 3 mag) than the first. In the case of SN 2016bdu, the first outburst (Event A) reached an absolute magnitude M r ≈ −15.3 mag, while the second one (Event B) occurred over one month later and reached M r ≈ −18 mag. By inspecting archival data, a faint source at the position of SN 2016bdu is detectable several times in the past few years. We interpret these detections as signatures of a phase of erratic variability, similar to that experienced by SN 2009ip between 2008 and mid-2012, and resembling the currently observed variability of the luminous blue variable SN 2000ch in NGC 3432. Spectroscopic monitoring of SN 2016bdu during the second peak initially shows features typical of a SN IIn. One month after the Event B maximum, the spectra develop broad Balmer lines with P Cygni profiles and broad metal features. At these late phases, the spectra resemble those of a typical Type II SN. All members of this SN 2009ip-like group are remarkably similar to the Type IIn SN 2005gl. For this object, the claim of a terminal SN explosion is supported by the disappearance of the progenitor star. The similarity with SN 2005gl suggests that all members of this family may finally explode as genuine SNe, although the unequivocal detection of nucleosynthesised elements in their nebular spectra is still missing.
INTRODUCTION
While it is well known that many massive stars lose a large fraction of their envelope in the latest stages of their life, the mechanisms that trigger the mass loss are still poorly understood. Steady winds (Castor et al. 1975; Owocki & Puls 1999; Dwarkadas & Owocki 2002; Lamers & Nugis 2002; Chevalier & Irwin 2011; Moriya et al. 2011; Ginzburg & Balberg 2012) , enhanced mass loss due to binary interaction (Kashi 2010; Kashi & Soker 2010; Smith & Frew 2011; Chevalier 2012; Soker 2012; de Mink et al. 2013) , or major outbursts caused by stellar instabilities (Humphreys & Davidson 1994; Langer et al. 1999; Woosley et al 2007; Arnett & Meakin 2011; Chatzopoulos & Wheeler 2012; Moriya & Langer 2014; Shiode & Quataert 2014) can all lead to the formation of extended circumstellar environments (for reviews on this topic, see Langer 2012 and Smith 2014) . When stars embedded in such dense cocoons explode as supernovae (SNe), they produce the typical observables of interacting SNe: narrow to intermediate-width lines in emission, a blue spectral continuum, and enhanced X-ray, ultraviolet (UV), and radio fluxes (Weiler et al. 1986; Chugai 1991; Chevalier & Fransson 1994; Filippenko 1997; Aretxaga et al. 1999; Kiewe et al. 2012; Chandra et al. 2012 Chandra et al. , 2015 Smith et al. 2017) . SNe showing spectra with narrow or intermediate-width Balmer lines produced in an H-rich circumstellar medium (CSM) are classified as Type IIn (Schlegel 1990) , while those whose spectra are dominated by narrow or intermediate-width He I lines ⋆ E-mail: andrea.pastorello@oapd.inaf.it are classified as Type Ibn (Pastorello et al. 2008 (Pastorello et al. , 2016 Hosseinzadeh et al. 2017 ).
Signatures of major instabilities in the last stages of life of very massive stars are frequently observed. These nonterminal eruptions are usually labelled as "SN impostors" (Van Dyk et al. 2000; Maund et al. 2006 ). Although they do not necessarily herald terminal SN explosions on short timescales, such eruptions have been detected from a few weeks to years before the SN in some cases. A seminal case is the Type Ibn SN 2006jc, which had a luminous outburst two years before the final explosion (Pastorello et al. 2007; Foley et al. 2007 ). Moderate-intensity pre-SN outbursts were also likely observed in more canonical stripped-envelope SNe (Corsi et al. 2014; Strotjohann et al. 2015) . Much more common is evidence of pre-SN bursts from Type IIn SN progenitors (e.g., Fraser et al. 2013a; Ofek et al. 2014) . Pre-SN outbursts were well observed in two Type IIn events: SN 2009ip (Mauerhan et al. 2013a Pastorello et al. 2013; Fraser et al. 2013b; Ofek et al. 2013a; Fraser et al. 2015; Margutti et al. 2014; Graham et al. 2014; Smith et al. 2013 Smith et al. , 2016a Graham et al. 2017 ) and SN 2015bh (Ofek et al. 2016; Elias-Rosa et al. 2016; Thöne et al. 2017; Goranskij et al. 2016) . Both sources had historical light curves with signatures of erratic variability over timescales of years (SN impostor phase), followed by two luminous outbursts separated by a few weeks. In each case, the first outburst (labelled as "Event A") had an absolute magnitude MR ≈ −15 mag, and the second one ("Event B") was brighter, approaching or exceeding MR ≈ −18 mag. From a careful inspection of the light curve of SN 2009ip after the Event B maximum, Graham et al. (2014) and Martin et al. (2015) noted luminosity fluctuations consistent with the ejecta colliding with CSM shells produced during the earlier eruptive phase.
Light curves with two outbursts were also observed in SN 2010mc (Ofek et al. 2013b ) and LSQ13zm (Tartaglia et al. 2016) . These transients were discovered in relatively distant galaxies, and their previous SN-impostorphase variability would have been too faint to be observed by existing surveys. The Type IIn SNhunt151 in UGC 3165 was another object showing a double-outburst light curve, but had also significant spectroscopic differences from typical SN 2009ip-like transients (Elias-Rosa et al. 2017 ). More recently, SN 2016cvk and SN 2016jbu were also announced as possible SN 2009ip-like candidates (Brown et al. 2016; Fraser et al. 2017; Bose et al. 2017; Kilpatrick et al. 2017) .
Even accounting for these recent discoveries, pre-SN outbursts have been directly detected only occasionally. Nonetheless, based on the Palomar Transient Factory (PTF) sample control time and coadding images in multiple-day bins to go deeper than the nominal limiting magnitude of the survey, Ofek et al. (2014) claim that these events are quite frequent, but in most cases below the detection threshold of pre-explosion images. This likely explains the lack of outburst precursors in the sample of SNe IIn of the Katzman Automatic Imaging Telescope survey (Bilinski et al. 2015) .
Some authors (e.g., Pastorello et al. 2013; Thöne et al. 2017) have noted the resemblance of the impostor phase of SNe 2009ip and 2015bh to the erratic variability exhibited by the SN impostor NGC3432-LBV1 (also known as SN 2000ch; Wagner et al. 2004; Pastorello et al. 2010 ) over the last two decades. This is in fact an excellent candidate to become another SN 2009ip analog, perhaps within a human lifetime.
In this context, a new SN 2009ip-like event is important for improving our understanding of these unusual explosions. SN 2016bdu was discovered on 2016 May 24.43 UT (JD = 2,457,532.93; UT dates are used throughout this paper) by the PanSTARRS-1 (PS1) Survey for Transients (PSST) 1 (Huber et al. 2015; Chambers et al. 2016 ) at α = 13 h 10 m 13.95 s , δ = +32
• 31 ′ 14.07 ′′ (J2000.0). The SN candidate exploded in the very faint (g = 21.19, r = 20.94 mag) galaxy SDSS J131014.04+323115.9. The SN is clearly offset by 2.1 ′′ from the center of its host in the PS1 images. The All-Sky Automated Survey for Supernovae (ASAS-SN; Shappee et al. 2014 ) detected the object again on 2016 May 29.38, and soon thereafter it was classified by the 2.56 m Nordic Optical telescope (NOT) Unbiased Transient Survey (NUTS) 2 collaboration (Mattila et al. 2016 ) as a Type IIn SN (Terreran et al. 2016a) . Terreran et al. (2016a) noted that the transient was offset by 2.6 ′ (hence about 57 kpc) from the center of a relatively large, edge-on spiral galaxy, UGC 08250. This galaxy has a redshift z = 0.0176 (Garcia-Benito et al. 2015; Courtois & Tully 2015) . For H0 = 73 km s −1 Mpc −1 , ΩM = 0.27, and ΩΛ = 0.73, the luminosity distance of dL = 73.3 Mpc and the distance modulus of µ = 34.33 mag. If we correct for Local Group infall into Virgo (vVir = 5474 km s −1 ), we infer a slightly larger luminosity distance of dL,Vir = 76.1 Mpc (µVir = 34.41 mag). We will assume that the faint host of SN 2016bdu (SDSS J131014.04+323115.9) is associated with UGC 08250 (see Figure 1) . From the posi- tion of the peaks of the most prominent narrow emission lines in the transient's spectra, we estimate the redshift of SDSS J131014.04+323115.9 to be z = 0.0173 ± 0.0002 (dL = 72.0 Mpc and µ = 34.29 mag), consistent with this hypothesis. We adopt the Virgo-infall-corrected distance modulus for this redshift of µVir = 34.37 ± 0.15 mag.
The nondetection of the interstellar Na I doublet (Na I D) absorption lines at the redshift of SDSS J131014.04+323115.9 suggests that there is negligible reddening due to the host galaxy; hence, we adopt only the Milky Way contribution E(B − V ) = 0.013 mag (Schlafly & Finkbeiner 2011) as the total interstellar extinction toward SN 2016bdu. Given these distance and reddening estimates, SDSS J131014.04+323115.9 has a total absolute magnitude Mg = −13.23 mag, and an intrinsic colour of g−r = 0.23 mag. This makes the galaxy hosting SN 2016bdu much less luminous than the Magellanic Clouds, possibly suggesting that SN 2016bdu exploded in a low-metallicity environment.
The structure of this paper is as follows. In Sect. 2 we present photometric and spectroscopic observations of SN 2016bdu, Sect. 3 discusses plausible scenarios to explain the sequence of outbursts experienced by the SN 2016bdu progenitor, and a summary follows in Sect. 4.
OBSERVATIONS
Soon after the discovery, our inspection of archival images revealed that the prediscovery photometric evolution of the stellar precursor of SN 2016bdu resembled that of SN 2009ip. For this reason, we decided to initiate an extensive follow-up campaign in the optical and near-infrared (NIR) domains.
The optical and NIR data were obtained with the NOT using ALFOSC and NOTCam, the 2.0 m Liverpool Telescope (LT) using IO:O, the 10.4 m Gran Telescopio Canarias (GTC) using OSIRIS, the 1.82 m Copernico Telescope using AFOSC, and the 1.5 m Tillinghast Telescope using the FAST spectrograph. Additional photometry was obtained using a Drake et al. 2009; Djorgovski et al. 2012) ; and the Asteroid Terrestrial-impact Last Alert System (AT-LAS)
6 . Additional R-band data were provided by the PTF second data release (Law et al. 2009; Ofek et al. 2012) , from the Infrared Processing and Analysis Center 7 (Laher et al. 2014) . Finally, a few photometric epochs from 1998 and 2003 calibrated in the Johnson-Bessell V -band magnitude scale were obtained from images taken by the Near Earth Asteroid Tracking (NEAT) program, and retrieved through the SkyMorph GSFC website. 
Photometry
The science images were first reduced using IRAF 9 . These preliminary operations included overscan, bias, and flatfield corrections, for both imaging and spectroscopy. The magnitudes of SN 2016bdu were measured using a dedicated package (SNOoPY; Cappellaro 2014) that performs point-spread-function (PSF) fitting photometry on the original or the template-subtracted images. Since the SN field falls in the sky area mapped by the Sloan Digital Sky Survey (SDSS), we identified a sequence of reference stars, and measured nightly zero-points and instrumental colour terms. These were used to accurately calibrate the SN magnitudes on the different nights. The Johnson-Bessell B and V magnitudes of the reference stars were computed from the Sloan magnitudes following the relations of Chonis & Gaskell (2008) . PTF R-band data were converted to the Sloan r-band photometric system using magnitudes of comparison stars taken from the SDSS catalogue, while unfiltered data were scaled to Sloan r-band magnitudes. NIR images from NOTCam were reduced using a slightly modified version of the IRAF package NOTCam v.2.5 10 , and photometric measurements were performed after the subtraction of the luminous NIR sky. The instrumental SN magnitudes were calibrated using the 2MASS catalogue (Skrutskie et al. 2006) . Final SN magnitudes are listed in Tables A1, A2 , and A3 of Appendix A.
As shown in Figure 2 , the light curve of SN 2016bdu has two main brightening events, similar to other SN 2009ip-like transients. In analogy with the labelling adopted for SN 2009ip (Pastorello et al. 2013) , the nonmonotonic brightening observed in the light curve from about four months before the discovery of SN 2016bdu is named Event A. We note that Event A of SN 2009ip is different, having a much shorter duration and a monotonic rise to the maximum. In SN 2016bdu, Event A reaches a peak of r = 19.1 ± 0.2 mag (on JD = 2,457,509 ±6, obtained through a low-order polynomial fit) in about three months. Then the luminosity slightly declines to r = 19.44 ± 0.25 mag, before rising again to the second peak (Event B) which is reached about one month later (on JD = 2,457,541.5 ±1.5). The maximum magnitude of Event B is r = 16.37 ± 0.03 mag. The V -band peak of Event B is reached on JD = 2, 457, 540.9 ± 1.8, with V = 16.46 ± 0.03 mag. After maximum, the light curve declines rapidly for about one month, more slowly between days 30 and 60 past-peak, and finally the decline rate increases again during the last month covered by our photometric campaign. This trend is observed both in the optical and NIR bands. As mentioned before, low-contrast undulations are observed in all bands during Event A (see Figure 2) , and when the light curve declines after the peak of Event B. Similar behaviour was observed in SN 2009ip (Graham et al. 2014; Martin et al. 2015) and interpreted as signatures of ejecta colliding with previously ejected circumstellar shells.
In this context, it is worth noting that some sparse detections of a source at the position of SN 2016bdu have occurred over a period of several years before the SN (see Table  A2 ). A few marginal detections in CRTS images are registered from 2005 to 2008. We note that they are 0.3-0.5 mag brighter than the host-galaxy magnitude (r = 20.94 mag; this is fainter than the typical detection limits of individual Figure 3 . Unfortunately, in most images collected from CRTS, the source is below the instrumental detection threshold. However, the object is detected in the deeper PS1 and PTF images, indicating that the object was in outburst (with absolute magnitude MR ranging from −13 to −14 mag), and was characterised by erratic variability. The peak magnitudes of these prediscovery images of SN 2016bdu are comparable with those of the brightest outbursts of SN 2009ip during the impostor phase (years 2010 Pastorello et al. 2013; Mauerhan et al. 2013a , see also the top-right panel in Figure 3 ). However, because of the larger distance of SN 2016bdu and the limited depth of most of the archival images, we generally have only upper limits -4800 -4000 -3200 -2400 -1600 -800 0 800 on the source flux in the low-luminosity states between the outbursts.
In Figure 4 , we compare the r-band absolute magnitude light curve of SN 2016bdu to those of SN 2009ip (Smith et al. 2010; Pastorello et al. 2013; Mauerhan et al. 2013a; Prieto et al. 2013; Fraser et al. 2013b Fraser et al. , 2015 Margutti et al. 2014; Graham et al. 2014; Martin et al. 2015) , SN 2010mc (Ofek et al. 2013b ), LSQ13zm (Tartaglia et al. 2016) , and SN 2015bh (Ofek et al. 2016; Elias-Rosa et al. 2016; Goranskij et al. 2016; Thöne et al. 2017) . If Sloan-r data are not available, the Johnson-Cousins R-band light curves are shown. For homogeneity, all data have been transformed to the Vega system. The data for SN 2009ip, SN 2010mc, and LSQ13zm are corrected for Milky Way reddening. For SN 2015bh, we adopt the total reddening estimate of E(B − V ) = 0.21 mag from Thöne et al. (2017) . In the top-left panel, in particular, we show the long-term photometric evolution of our SN sample over a temporal window of almost 15 yr. A close-up view including the rise to Event A and the decline after the peak of Event B is shown in the top-right panel. The photometric evolution is surprisingly similar for all objects in this sample. In particular, we note the following.
• There are occasional detections in the "impostor phase" from weeks to years before the onset of Event A in at least three objects: SN 2009ip, SN 2015bh, and SN 2016bdu. For the two other objects, we speculate that the impostor phase remained undetected because of the larger distances to their host galaxies.
• The duration of Event A appears to vary for the five objects, lasting from a few weeks in LSQ13zm (Tartaglia et al. 2016) to over 3 months, and with a bumpy rise in SN 2016bdu and SN 2015bh (Elias-Rosa et al. 2016; Thöne et al. 2017) . The absolute magnitudes of the A events are between M R/r = −14.5 and −15.3 mag.
• All objects show a relatively fast rise to the Event B maximum (M r/R ≤ −18 mag) followed by a relatively steep decline. Some undulations in the light curve of SN 2009ip are observed (Martin et al. 2015) , and a nonlinear decline is also detected in SN 2016bdu.
• When late-time observations are available, the light curves have flattened, with decline rates slower than the 56 Co decay and without any clear evidence of further lightcurve fluctuations (Margutti et al. 2014; Fraser et al. 2015; Elias-Rosa et al. 2016; Thöne et al. 2017 ).
The bottom panel of Figure 4 shows the B −V and g −r colours. Again, the evolution of the two colours is similar for all the objects from day −20 (from the peak of Event B) to day +80. In particular, the colours become bluer from day −20 to day 0, with B − V ranging from −0.5 to 0 mag, and g − r from 0.3 to −0.2 mag. Later on, from day 0 to 80, the colours become redder, spanning from B − V = 0 to 1.1 mag and g − r = −0.2 to 1.2 mag. More dispersion in the colour evolution is observed at later phases, especially in g − r, although large uncertainties affect the photometric measurements at these epochs. Nonetheless, the g − r colour of SN 2016bdu is the reddest in the sample, being about 2 mag at ∼ 8 months after maximum brightness. 
Quasibolometric light curve
Using the available optical photometry of SN 2016bdu, we obtain a quasibolometric light curve by integrating the extinction-corrected fluxes at each epoch with the trapezoidal rule. We assume zero flux at the integration extremes. We also estimate a quasibolometric light curve including the NIR data when they are available. Since no NIR data are available for SN 2016bdu before the Event B peak, we compute the optical+NIR light curve only for later phases. The resulting quasibolometric light curves are shown in Figure 5 . These curves are compared to those obtained for the beststudied example, SN 2009ip. For SN 2009ip, we show results for the optical bands only, optical plus NIR, and the uvoir (from the UV to the NIR domain). The similarity of the two objects is striking. In addition, the available data for SN 2016bdu suggest a late-time decline of its quasibolometric luminosity that is slightly flatter than the rate expected from the radioactive decay of 56 Co into 56 Fe. This suggests that the ejecta-CSM interaction is still the dominant mechanism powering the light curve of both SNe at very late phases. This claim will be discussed further in Sect. 2.3.
For SN 2016bdu, the NIR contributes up to 20% of the total luminosity budget at the Event B maximum, rising to about 30% at the late phases (∼ 8 months later). The missing UV contribution in SN 2016bdu can be estimated by assuming that it is similar to that of SN 2009ip, where the UV contribution is large (nearly 50%) at the time of the Event B peak, and negligible (< 5%) at the late phases.
Spectroscopy
Our extensive spectroscopic campaign for SN 2016bdu started on 2016 June 2, near the Event B light-curve peak. General information on the spectra is collected in Table  1 .
11 Most of the spectra were taken at the parallactic angle (Filippenko 1982) , hence minimising differential flux losses.
The spectra were reduced with IRAF tasks 12 . Onedimensional spectra were first extracted from the twodimensional frames, and then wavelength-calibrated using spectra of comparison lamps obtained with the same instrumental setup. The wavelength calibration was checked by measuring the positions of several night-sky lines, and (when necessary) shifted by a constant amount to match the expected wavelength of these lines. The flux calibration was performed using spectra of standard stars obtained during the same night as the SN observation, and the accuracy of the calibration was checked with the available coeval photometry; in cases of an overall flux discrepancy, a scaling factor was applied to calibrate the spectrum to the photometry. Finally, the strongest telluric absorption bands (in particular, O2 and H2O) were corrected using the spectra of the standard stars.
The spectral sequence obtained during the first ∼ 80 days after the Event B maximum is shown in the top panel of Figure 6 , while line identifications in our earliest spectrum (phase +1 d) are reported in the bottom panel of Figure 6 . The detailed evolution of the Hα and Hβ line profiles is shown in Figure 7 .
The early-time spectra resemble those of typical Type IIn SNe, and are characterised by a blue continuum (with a blackbody temperature TBB = 17, 000±1000 K) and narrow emission lines of H and He I. These lines show two velocity components: a narrow component with a full-width at halfmaximum intensity (FWHM) velocity of vFWHM = 400 km s −1 (as determined from the highest resolution FAST spectrum obtained on June 3) superposed on lower intensity, broader P Cygni wings. In analogy with classical SNe IIn, the narrow emission lines likely arise in a slow-moving, unshocked photoionised CSM, while the broader wings can be 11 All of our spectra will be available in the WISeREP archive (Yaron & Gal-Yam 2012) . 12 AFOSC and ALFOSC spectroscopic data were reduced using a dedicated graphic user interface developed by E. Cappellaro (http://sngroup.oapd.inaf.it/foscgui.html). interpreted as being produced by electron scattering. The broad P Cygni minimum of Hβ is blueshifted by v = 3400 km s −1 (see Figure 7 ). This value is consistent with that derived from the position of the minimum of the He I λ5876 absorption line.
With time, the spectral continuum becomes redder, and the narrow components weaken relative to the broad emission lines. In particular, when the continuum has declined to TBB = 13, 500 ± 1100 K in the June 14 spectrum (phase +12.1 d), narrow He I lines are no longer visible. The broad He I λ5876 feature displays a P Cygni profile whose velocity (from the position of the absorption minimum) is v ≈ 9000 km s −1 . A similar broad P Cygni component is also visible for the H lines, with Hα having v = 9500 km s −1 and Hβ at v = 8400 km s −1 (Figure 7) , with blueshifted absorption wings extending up to 13,000 km s −1 . These velocities are likely representative of the fast-moving ejecta. The narrow H components are still visible, and exhibit a P Cygni profile, with the absorption component being blueshifted by about 1900 km s −1 (as measured for the Hβ line). A possible explanation for the evolution of the Hβ absorption trough (Figure 7) is the presence of a fast shell close to the SN, produced by a stellar wind with a mass-loss rate of ∼ 10 −1 M⊙ yr −1 . This interpretation, proposed by Chugai et al. (2004) and Dessart et al. (2014) for the Type IIn SN 1994W, can also work for the early-time spectra of SN 2016bdu. The interaction between the massive SN ejecta with this wind produces a dense shell, which initially has a velocity of 3400 km s −1 and, later on, slows down to 1900 km s −1 . On July 2 (phase 30 d), the spectrum of SN 2016bdu becomes redder (TBB = 9300 ± 1100 K), and the broad absorption components of the Balmer lines are now more prominent. The narrow components of the H features are still visible, with the P Cygni profiles blueshifted by about 1200 km s −1 . This velocity, which will stay roughly constant at later phases, is likely very close to the initial velocity of the shell. The He I λ5876 line remains quite weak, and its very broad, boxy absorption profile suggests some contamination from a growing Na I λλ5890, 5896 doublet (Na I D). An alternative explanation for this line profile is an additional absorption contribution from an He-rich shell. At this epoch, the line velocities inferred for the broad Hα and Hβ absorptions are v = 7300 km s −1 and v = 6800 km s −1 , respectively. Some Fe II lines (in particular, those of the multiplet 42) are also barely detected.
Later on, from July 15 (phase 44 d), the now quite red (TBB = 6100 ± 800 K) spectrum develops relatively broad lines of metals in absorption, including several Fe II multiplets, Na I D, and Ca II. O I λ7774 is also marginally detected. The Na I D feature now dominates over He I λ5876, while other He I lines are no longer observed.
On July 29 (58 d), we obtained a high-S/N spectrum which shows a blackbody temperature to similar the one at 44 d. The SN spectrum is still dominated by broad lines with P Cygni profiles. Numerous metal lines are strong, including Fe II (with average v = 2800 km s −1 ), Na I D (v = 3700 km s −1 ), Ca II H&K, and the (weak) NIR triplet of Ca II. The broad P Cygni lines of the Balmer series are prominent, with the residual narrow H components being detectable only in Hα and Hβ. The gas velocities, as estimated from the minima of the broad Balmer absorptions, are v = 6700 km s −1 and v = 5450 km s −1 for Hα and Hβ, respectively ( Figure 7) . A prominent feature is also detected blueward of Na I D, at about 5600Å; we tentatively identify it as Sc II. Finally, Ti II lines very likely contribute to the blanketing at blue wavelengths.
Late-time spectra were obtained on August 12 and August 19 (phases 71.9 d and 78.9 d, respectively). The spectrum has now significantly changed. The continuum is very weak, and the H lines are dominated by the broader component in emission. There are still detectable narrow components superposed on the broad lines. The unblended He I λ7065 feature becomes visible again (and relatively prominent), with vFWHM = 2800 km s −1 , along with a Na I D plus He I λ5876 blend, with a residual P Cygni profile (the absorption mimimum is blueshifted by about 3800 km s −1 ). A weak emission line at about 7200Å is probably the emerging [Ca II] doublet (possibly blended with He I λ7281), and the NIR Ca II triplet is now prominent. A broad and weak feature appearing at about 6300Å could be a signature of the growing [O I] λλ6300, 6364 doublet.
When the object was visible again in mid-January 2017 (phase ∼ 230 d) after the seasonal gap, we obtained two additional spectra with GTC+OSIRIS ( Figure 8 ). The spectra do not show any major changes from those obtained in August 2016, although the residual P Cygni absorption features have now completely vanished. The overall Hα line profile and the increased strength of He I lines suggest that SN 2016bdu is still interacting with its CSM, although some broad features expected in SN spectra during the nebular phase are now clearly detected. The nebular lines (in particular [O I], [Ca II], and NIR Ca II) are still much fainter than Hα. Hβ is also detected, along with a number of He I lines. Comprehensive line identifications for the two latest spectra are given in Figure 8 .
The Hα FWHM in our latest spectra exceeds 3000 km s −1 , and the line has an asymmetric profile, with two shoulders: one blueshifted by about 1250 km s −1 , the other redshifted by nearly 900 km s −1 (Figure 7) . Although asymmetric Balmer line profiles are usually interpreted as signatures of asymmetric material ejection, the overall line shape of the H lines can be most likely explained as boxy profiles with a superimposed narrow P Cygni component from the CSM. We also measure an Hα/Hβ line ratio (Balmer decrement) of 11. Such large Balmer decrements are quite common in SNe IIn (e.g., SNe 1995G and 1996al; Pastorello et al. 2002; Benetti et al. 2016) , and are frequently viewed as indicative of collisional excitation (Branch et al. 1981 ). An alternative explanation for the asymmetric Balmer line profiles and the large Balmer decrement could be that some dust is forming and is obscuring the receding material. However, this interpretation seems less plausible, as there is no evidence of a NIR excess in our late-time photometry.
While the early-time spectra of SN 2016bdu (around the Event B maximum) are very similar to those of other SN 2009ip-like transients at the same phase (see Figure 9 , top panel), later spectra of SN 2016bdu closely resemble those of typical SNe II during the early H-envelope recombination phase (Figure 9, bottom panel) . This supports the argument for a terminal SN explosion for all SN 2009ip-like objects, although this claim is still debated since broad lines were also detected in pre-SN stages in some cases (e.g., Pastorello et al. 2013) . The different scenarios proposed for SN 2009ip, revised in the context of SN 2016bdu, will be discussed in Sect. 3.
ERUPTIONS, MERGERS OR SN EXPLOSIONS?
As mentioned earlier, at least three SNe of this family have experienced a phase of major erratic variability lasting several years prior to the primary outburst, but the actual number is likely much larger. For example, in the more distant LSQ13zm and SN 2010mc, the earlier phase of er- (Fraser et al. 2013b ), LSQ13zm (Tartaglia et al. 2016) , and 2016bdu with a spectrum of the more typical Type II SN 2014G (Terreran et al. 2016b ).
ratic variability was probably below the detection threshold. All five objects experienced a major outburst, characterised by a light curve showing two brightening episodes. The duration and the luminosity of the two events are comparable in all SN 2009ip-like objects, which also show remarkable similarity in their spectral evolution (at least, at phases when spectroscopic observations exist; see Sect. 2.3). This observed homogeneity is even more puzzling for progenitors possessing strongly asymmetric circumstellar environments (Levesque et al. 2014; Mauerhan et al. 2014; Elias-Rosa et al. 2016; Thöne et al. 2017) , whose orientation with respect to the line of sight is expected to play an important role. The striking spectroscopic and photometric similarities of the five SN 2009ip-like transients suggest that these objects very likely arise from similar stars (or stellar systems) and may have undergone a comparable fate. The nature of SN 2009ip and similar objects has been widely discussed in the literature, and multiple scenarios have been offered, none of them supported by conclusive evidence. In this section we discuss the most plausible scenarios for these peculiar transients.
(i) A major outburst (Event A) followed by shellshell collision (Event B). This scenario was first proposed by Pastorello et al. (2013) for SN 2009ip. The argument was based on the evidence that broad spectral lines, with velocities comparable with those of real SNe, were observed during the 2008 to early-2012 impostor phase of SN 2009ip, long before the putative SN. In this view, Event A in July 2012, whose spectra showed broad P Cygni lines, would be a huge outburst, with the subsequent Event B being the result of reprocessing of kinetic energy into radiation due to collision of the most recent mass ejection (Event A) with CSM collected during previous eruptive phases. This scenario is also supported by the lack of late-time nebular SN spectral signatures expected from the explosion of a massive star (Fraser et al. 2013b; Margutti et al. 2014; Graham et al. 2014; Fraser et al. 2015) . Based on energetic considerations, Moriya (2015) suggested that Event B in SN 2009ip was not caused by interaction of material expelled in a regular SN explosion with CSM, but rather from a shell-shell interaction. The mechanisms that trigger these major mass-loss events are debated, and plausible explanations invoke pulsational pair-instability (e.g., Woosley et al 2007) , or interactions in a massive binary system (e.g., Kashi & Soker 2010 ). This latter scenario was also suggested for the impostor SN 2000ch (Pastorello et al. 2010 ).
An argument frequently used to rule out a terminal SN explosion is the absence of emission lines from nucleosynthetic byproducts in the late-time spectra of these objects (see, e.g., the discussion in Fraser et al. 2015 One of the key observational constraints for our understanding of SN 2009ip-like transients is the flattening of the late-time light curve observed in SN 2009ip, LSQ13zm, and SN 2015bh at phases later than 150-200 d. A flattening in the late-time light curve is also observed for SN 2016bdu. Although the spectral appearance in this phase suggests CSM interaction is still playing a key role, the exponential luminosity decline without significant variability may indicate that the progenitors have returned to a quiescent phase or eventually disappeared after core collapse. Although none of the above arguments is conclusive, the scenario invoking an outburst followed by shell-shell collisions appears to be less appealing.
(ii) A faint core-collapse SN (Event A) plus ejecta-CSM interaction (Event B). This scenario for explaining the double-peaked light curve of the SN 2009ip-like transients was first proposed by Mauerhan et al. (2013a) for SN 2009ip, and expanded by Smith et al. (2014) who also suggested that the ∼ 60 M⊙ progenitor was a blue supergiant that exploded as a faint core-collapse SN during Event A. Such massive stars may, in fact, produce underenergetic (10 50 erg) explosions, and eject very little 56 Ni owing to fallback onto the protoneutron star (Zampieri et al. 1998; Heger et al. 2003; Nomoto et al. 2006; Moriya et al. 2010; Pejcha & Thompson 2015; Sukhbold et al. 2016 ). The result is a weak core-collapse SN, consistent with the properties of Event A. A fallback SN (producing the Event A light curve) would also explain the weakness of the α-element signatures in late-time spectra. The subsequent collision of the outer SN ejecta with the CSM from the more recent mass-loss events produces the major rebrightening during Event B (see, e.g., Chugai 1991 ). This scenario is also supported by a sequence of spectropolarimetric observations of SN 2009ip; these data suggest that SN 2009ip Event A is consistent with a prolate (possibly bipolar) SN explosion having a canonical kinetic energy (EK ≈ 10 51 erg), and whose ejecta collide with an oblate CSM distribution .
A similar scenario has been invoked by Elias-Rosa et al. This scenario was not favoured by Ofek et al. (2013b) for SN 2010mc on the basis of the following arguments. The impact of SN ejecta with the CSM generates collisionless shocks, which produce hard X-ray photons (Chevalier 2012; Svirski et al. 2012) . To reprocess these photons to visible light through Compton scattering, an optical depth on the order of a few times unity is necessary. Using the temperature and the emitting radius estimated from blackbody fits to the spectral continuum of SN 2010mc, Ofek et al. (2013b) inferred that (for the assumed optical depths) the diffusion timescales were longer than the observed duration of the Event A peak of SN 2010mc. On the other hand, all the other transients of this group (including SN 2016bdu) have much longer rise times to the Event A peak than does SN 2010mc. In addition, an asymmetric gas distribution as observed in both SNe 2009ip and 2015bh (e.g., Levesque et al. 2014; Mauerhan et al. 2014; Elias-Rosa et al. 2016 ) may weaken the Ofek et al. arguments.
(iii) An outburst (Event A) followed by an interacting SN explosion (Event B). In this scenario, Event A would be the last and most energetic outburst of a sequence likely initiated a few years before (during the impostor phase). Then, the rise of Event B would be the direct signature of the true SN explosion. The blue spectra, characterised by prominent, narrow emission lines of H and He I, would be produced in the CSM, initially photoionised by the SN shock breakout and later by the CSM-ejecta interaction. This scenario was first proposed for SN 2010mc (Ofek et al. 2013b ) and a few other SNe IIn in the PTF sample (Ofek et al. 2014) . It was also suggested by Tartaglia et al. (2016) to explain the very high velocities (2.3 × 10 4 km s −1 ) observed in spectra of LSQ13zm. In fact, when adopting for LSQ13zm the epoch of the initial rise of Event A as the time of the SN shock breakout, a photospheric velocity of more than 2 × 10 4 km s −1 would be observed ∼ 70 d after the SN explosion, which is unusual in typical core-collapse SNe. We also note that the spectra of LSQ13zm ∼ 50 days after the Event B maximum are reminiscent of SN II spectra during the photospheric phase (bottom panel of Figure 9 ). Moving up the epoch of core collapse to the onset of Event A (i.e., at least 3 months before the peak of Event B) would imply that the H-envelope recombination phase occurs rather late (4-5 months after the explosion). A similar sequence of events was also proposed for the pre-SN outburst of a Wolf-Rayet star two years before the explosion of the Type Ibn SN 2006jc (Pastorello et al. 2007; Foley et al. 2007) , and the outburst of a putative super-asymptotic-giant-branch star was observed a few months before the explosion of the Type IIn-P SN 2011ht (possibly an electron-capture SN; Fraser et al. 2013a; Mauerhan et al. 2013b; Smith 2013) . However, other authors suggest that the properties of SNe IIn-P are best explained as resulting from the interaction of subsequent shells produced by two nonterminal outbursts (Dessart et al. 2009; Humphreys et al. 2012) .
(iv) Binary interaction during Event A (and before) with a final merger (Event B).
The possibility that SN 2009ip-like events are produced in interacting binary systems has been previously mentioned. This would be consistent with pre-SN histories characterised by erratic variability and a multiple-shell CSM structure (Pastorello et al. 2013; Margutti et al. 2014; Graham et al. 2014; Martin et al. 2015) . In addition, Levesque et al. (2014) constrained the geometry of the SN 2009ip CSM to have an accretion disc (see also Mauerhan et al. 2014 ). All of this suggests the presence of a companion star in a highly eccentric orbit, with interactions between the two stars during each periastron passage triggering ejections of material. Kashi et al. (2013) proposed that Event B in SN 2009ip was powered by the accretion of several solar masses of gas onto the primary luminous blue variable (LBV) star. The secondary star may have survived the encounter or eventually merged onto the primary. This scenario has also been suggested by and Soker & Kashi (2016) for SNe 2009ip, 2010mc, and 2015bh (see also Sana et al. 2012; de Mink et al. 2014; Justham et al. 2014; Portegies Zwart & van den Heuvel 2016 , for a discussion of massive stellar mergers including LBVs). In these massive binary systems, formed by an LBV and a more compact companion, the high-velocity gas outflow seen in the spectra of both SN 2009ip and SN 2015bh during the impostor phase (hence months to years before Event A) would be powered by jets from the secondary star (Tsebrenko & Soker 2013) . Goranskij et al. (2016) proposed a hybrid explanation for SN 2015bh, with the core collapse of an evolved massive star while merging with a massive binary companion. In this context, we note that some bumps similar to those observed in SN 2009ip are also visible in the light curve of SN 2016bdu during the rise to the Event A maximum, and during the post-peak decline from Event B.
Although binary interaction followed by a merging event cannot be definitely ruled out for SN 2016bdu, there are additional arguments that do not support this scenario. First, the spectra of the most promising merger candidates seem to evolve toward those of cool, M-type stars (e.g., Smith et al. 2016b; Blagorodnova et al. 2017) , which is obviously not the case for SN 2009ip-like events. Second, all known stellar mergers follow clear correlations between the physical parameters of the progenitors and the luminosity of the outbursts (Kochanek et al. 2014 ). The known high-mass mergers also follow these correlations (Mauerhan et al. 2017 , and references therein), while the SN 2009ip-like transients are much more luminous for their expected stellar masses. Here we provide a few observational arguments to support the similarity of SN 2005gl with members of the SN 2009ip group. In Figure 11 , we compare spectra of Figure) . The striking spectral similarity of SN 2005gl with the SN 2009ip-like events is evident both around maximum brightness and at later phases. The spectral evolution of these objects is not typical of SNe IIn, whose spectra are always dominated by the narrow and intermediate-width emission lines, and never show broad P Cygni profiles. We also compute an updated light curve of SN 2005gl from follow-up photometry obtained with the 0.76 m Katzman Automatic Imaging Telescope (KAIT, at Lick Observatory; Filippenko et al. 2001; Leaman et al. 2011) , along with new unfiltered observations from amateur astronomers calibrated to the R band (details are given in Appendix B, and the photometric measurements are reported in Table B1 ).
In the top panel of Figure 12 We also inspected ground-based archival images of the field of SN 2016bdu, and found a source with r = 23.46±0.39 mag in very deep INT images taken on 1999 February 10. To our knowledge, this is the faintest detection available of a stellar source at the position of SN 2016bdu. Owing to the relatively low spatial resolution of the image, this source can be either the variable progenitor of SN 2016bdu, a blend of multiple objects, or even an unrelated background source. No detection was registered in Johnson-Bessell V and Sloan i images collected on 1998 June 19 to a limit of V > 23.78 and i > 23.65 mag. We note that the progenitors of other SN 2009ip-like events have been observed in archival HST images, and have absolute V -band magnitudes quite close to −10 mag (Smith et al. 2010; Foley et al. 2011; Elias-Rosa et al. 2016) . These faint progenitor detections are indicated with horizontal lines in Figure 12 .
Since post-explosion HST images indicate that the stellar source detected by Gal-Yam et al. (2007) at the position of SN 2005gl is now below the HST detection threshold (Gal-Yam & Leonard 2009) , this implies that the star finally exploded as a SN or, alternatively, the surviving star is much fainter than the June 1997 detection.
So far, we do not have unequivocal proof that any (long-dashed black line) are also indicated. Except for SN 2016bdu, for which the weakest pre-outburst detection is in the Sloan r band, all other pre-outburst sources were detected in archival HST images in F 547W , F 555W , or F 606W , which can be approximated by the V band.
of the SN 2009ip-like transients are associated with terminal SN explosions. Although the spectra obtained during Event A, and at 1-3 months after the maximum of Event B, show features closely resembling those of typical SNe II, late-time follow-up observations of SN 2009ip (over 3 yr after the peak of Event B) show only marginal evidence of the classical nebular features of a core-collapse SN (e.g., the prominent forbidden lines of O I and Ca II expected in the explosion of massive stars; see Fraser et al. 2015 , and references therein). However, the late-time photometric evolution of this object (but also, for example, that of SN 2015bh) is slower than the expected decay rate of 56 Co, without any signature of the photometric fluctuations observed during past evolutionary stages. This evolution is consistent with that of a genuine SN interacting with its CSM. More importantly, SN 2009ip is still fading, and it now has a magnitude comparable with that of the pre-explosion progenitor (Smith et al. 2016a) , making the terminal explosion scenario plausible for this event. If future observations demonstrate the disappearance of SN 2009ip-like transients, their similarity with SN 2005gl along with the observational clues mentioned above provide a robust argument for the death of their progenitor stars, as suggested by several authors (Mauerhan et al. 2013a Smith et al. 2014; Tartaglia et al. 2016; Elias-Rosa et al. 2016 ).
SUMMARY
In this paper, we presented optical and NIR observations of the recent Type IIn SN 2016bdu, along with additional optical photometric data for SN 2005gl. There is a striking observational match among SN 2016bdu, SN 2009ip, and other similar transients, as follows.
• Most have a pre-SN impostor phase characterised by an erratically variable light curve, similar to what is currently observed for the impostor SN 2000ch (Wagner et al. 2004; Pastorello et al. 2010 ).
• They have two sequential luminous outbursts (Events A and B) with similar structures.
• There is a dramatic decline of the luminosity after the maximum of Event B, followed by a flattening of the latetime light curve to a decline rate slower than that expected from 56 Co decay into 56 Fe.
Although we have no spectra of SN 2016bdu during Event A, we note that the spectroscopic evolution during Event B is remarkably homogeneous as well:
• At maximum brightness, their spectra are blue and show narrow emission lines of H and He I, similar to those observed in the spectra of young SNe IIn.
• During the steep post-peak decline (1-2 months after maximum), the spectra develop broad P Cygni lines of H and metals, becoming similar to those of noninteracting (or mildly interacting) Type II SNe.
• Finally, at late phases (when the light curve flattens), the dominant spectral features are intermediate-width Balmer emission lines, with asymmetric profiles, likely indicative of enhanced ejecta-CSM interaction. The asymmetric Hα line profile may also indicate asymmetries in the gas distribution or, less likely, dust formation. This work made use of the NASA/IPAC Extragalactic Database (NED), which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with NASA. We also used NASA's Astrophysics Data System. This publication made also use of data products from the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by NASA and the NSF. 
